Non-standard neutrinos interactions in a 331 model with minimum Higgs sector 
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We present a detailed analysis of a class of extensions to the SM Gauge chiral symmetry SU(3)c x 
SU(3)l x U(l)x (331 model), where the neutrino electroweak interaction with matter via charged 
and neutral current is modified through new gauge bosons of the model. We found the connections 
between the non-standard contributions on 331 model with non-standard interactions. Through 
limits of such interactions in cross section experiments we constrained the parameters of the model, 
obtaining that the new energy scale of this theory should obey V > 1.3 TeV and the new bosons of 
the model must have masses greater than 610 GeV. 
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I. INTRODUCTION 

The confirmation of flavor neutrino oscillation 0, [2j by the combination of a variety of data from solar 
atmospheric fcl-fl2]] and reactor [l3l - [r7| neutrino experiments established the incompleteness of the Standard Model 
of electroweak interactions, leaving room for other non-standard neutrino properties. 

One convenient way to describe neutrino new interactions with matter in the electro-weak (EW) broken phase are 
the so-called non-standard neutrino interactions (NSI), that is a very widespread and convenient way of parameterizing 
the effects of new physics in neutrino oscillations jlcti23l ] . NSI with fir st g eneration of leptons and quarks for four- 
fermion operators are contained in the following Lagrangian density [Til. 1 1 9l |22| : 



r NSI 
L eff 
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f,p 



[f-fPf] K-fLup] 
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where Gf is the Fermi constant, / = u,d,e and P = L,R with 2L = (l — 7 s ) , 2R = (l + 7 s ) and the coefficients e^L 
encodes the deviation from standard interactions between neutrinos of flavor a with component P-handcd of fcrmions 
/, resulting in a neutrinos of flavor (3. Then, the neutrino oscillations in the presence of non-standard matter effects 
can be described by an effective Hamiltonian, parameterized as 



H = — 

2E 
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where a = 2\[2G 'fU / , E is the neutrino energy and e a p = J2f p £ Jp n i ' l n & with n e and rif the electrons and fermions 
/ density in the middle, respectively. This parameters e a p can be found in solar 24 , atmospheric [25| . accelerator (26j 
and cross section [53, H3 neutrino data experiment. 

We focus on cross section neutrino experiment, where at low energies the standard differential cross section for 
v a e — > v a e scattering processes has the well know form: 
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where m e is the electron mass, E v is the incident neutrino energy, T e is the electron recoil energy. The quantities 
g" and g% are related to the SM neutral current couplings of the electron g e L = — 1/2 + sin 2 6y/ and g e R = sin 2 0w, 
with sin 2 8w = 0, 23119. For T neutrinos, which take part only in neutral current interactions, we have g^' T = g\ 
and g^ = c/fj while for electron neutrinos, which take part in both charge current (CC) and neutral current (NC) 
interactions, gf = 1 + g e L , g\ = g e R . In the presence of Non-Universal standard interaction the cross section can be 
written in the same form of eq. ([3]) but with gf 2 replaced by the effective non-standard couplings gf = gf 
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92 — 92 + e aa' leading to the following differential scattering cross section (27l |2~ 

^ = ^{(.^ + e -) 2 + (. 92 « +e -) 2 (l-| N2 



-(.9?+ef Q )( 52 Q + £ ^)^}. (4) 

Our goal is to investigate how NSI with matter can be induced by new physics generated by 331 models and based 
in constraint on this NSI parameters constraint the model some values expected for 331 model. In section UT1 

II. 331 MODEL 

The success of the standard model (SM) implies that any new theory should contain the symmetry SU(3)c ® 
SU(2)l (g> U(1)y (G321) in a l° w energy limit. Then, it is natural that one possible modification of SM involves 
extensions of the representation content in matter and Higgs sector, leading to extension of symmetry group G321 to 
groups SU(N c )c 8> SU{m) L ® U(l) x with SU{N c )c 8> SU(m) L O U(l) x D G321. 

In early 90's, F. Pisano and V. Pleitez [29|,[30| and latter P. H. Frampton [3l| suggested an extension of the symmetry 
group SU(2)l ® U(1)y of electroweak sector to a group SU(3)l ® U(l)x, i.e. with A^c* = m = 3. The 331 models 
present some interesting features, as for instance, they associate the number of families to internal consistence of the 
theory, preserving asymptotic freedom. 

In these models, the SM doublets are part of triplets. In quark sector three new quarks are included to build the 
triplets, while in lepton sector we can use the right-handed neutrino to such role [29l |31| . Another option is to invoke 
three new heavy leptons, charged or not, depending on the choice of charge operator[32|,|33|. In SM the electric charge 
operator is constructed as a combination of diagonal generators of SU(2) C§> U(1)y- Then, it is natural to assume that 
this operator in SU(3)l d> U(l)x is defined in the same way. The most general charge operator in SU(3)l <& U(l)x 
is a linear superposition of diagonal generators of symmetry groups, given by: 

Q = aT 3L + ^=bT SL + XI 3 , (5) 

where the group generator are defined as Tn, = \l/2 with \l, i = 1, 8 are Gell-Mann matrices ioiSU(3)i,, where 
the normalization chosen is Tr(X i i J Xji J ) = 2Sij and I3 = diag (1, 1, 1) is the identity matrix, a and b are two parameters 
to be determined. Then, eq. ((SJ) in representation 3 have the form: 



X 



Q[3] = I -f + I + X I , (6) 

-f+ x 

where we have two free parameters to obtain the charge of fcrmions, a and b (X can be determined by anomalies 
cancellation). However, a = 1 is necessary to obtain doublets of isospins SU(2) ® U(l)y correctly incorporated in 
the model SU(3)l <8> ?7(1) y [32T - l34j . Then we can vary b to create different models in 331 context, being a signature 
which differentiate such models. For b = —3/2, we have the original 331 model [29l. l30j. 

To have local gauge invariance we have the following covariant derivative: = — i^X a W^ — ig x XB^ and a 
total of 17 mediator bosons: one field associated with U(l) x , eight fields associated with Su(3i)c, and another 
eight fields associated with SU(3)l, written in the form: 



where 



V2W- -W* + ^W* V2K^ I , (7) 
V2K~^ V2K-^ -^W* 



W± = -±=(Wi»TiW 2fl ), (8) 



V2 

K± Q i = -L( W ^TiW 5ll ), (9) 
K± Q * = -L(W 6 „ T iW 7ll ), (10) 
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Therefore, charge operator in eq. ([6]) applied over eq. ([7]) leads to: 

\ + b \ 

(11) 

The mediator bosons will have integer electric charge only if b = ±1/2, ±3/2, ±5/2, ±(2n+ l)/2, n = 0, 1, 2, 3, ... A 
detailed analysis shows that if b is associated with the fundamental representation 3 then —b will be associated with 
antisymmetric representation 3*. 




A. The representation content 

There arc many representations for the matter content [35|, for instance 6 = 3/2 (29| . But we note that if we 
accommodate the doublets of SU{2)l in the superior components of triplets and anti-triplets of SU(3)l, and if we 
forbid exotic charges for the new fermions, we obtain from eq. © the constrain b = ±1/2 (assuming a = 1). Since a 
negative value of b can be associated to the anti-triplet, we obtain that b = 1/2 is a necessary and sufficient condition 
to exclude exotic electric charges in fermion and boson sector [32^. 

The fields left and right-handed components transform under SU(3)r , as triplets and singlets, respectively. Therefore 
the theory is quiral and can present anomalies of Alder-Bell-Jackiw[36|-|38|. In a non-abelian theory, in the fermionic 
representation 1Z the divergent anomaly is given by: 

A abc °c £lY [{TZ(K),T b L (K)}TZ(ll) {T%{U),T b R {n)}T c R {n)\ , (12) 

K 

where T a (lZ) are symmetry group matricial representation. The indexes R and L relate to the quiral 
property of the fields. Therefore, to eliminate the pure anomaly [SU(3)l] 3 we should have that A abc cx 
J2k> Tr [{T£(n'),Tl(n')}TZ(R,')] = 0. We use the fact that SU(3) L has two fundamental representations, 3 and 3*, 
where T a * = -T a , which is equivalent to say that T£*(ft*) = -T£(K)^. Then: 

5>r [{Ti{n'),Tl{n')}Ti{n')\ 

w 

= J2Tr[{Tl(TZ) 7 T b L (TZ)}Tl(TZ)] + £ Tr [{T£* (K*), T b \K*)}T? (K*)] (13) 

= E Tr [m(n),T b (ll)}Tt(K)} -J2Tr [{TZ(K),T b (K)}Tl(K)} . (14) 
n n 

So, we can see that for the anomalies to be canceled, the number of fields that transform as triplets (first term in eq. 
dT4j) ) and anti-triplets under SU(3)l has to be the same. This implies that two families of quarks should transform 
different then the third family, as will be discussed in next section. 

Usually the third quark family is choscd to transform in a different way that the first two families. But we will 
assume that the first family transform differently, to address the fact that m u < md, Tn V( < mi while m c » m s and 
m t » nib- To state in a more clear way, we remember that in SM the SU(2)l doublets are:(i^f , £) T , (u,d) T , (c, s) T , 
(t, b) T , with I = e, [X, r, We can see that the first component of leptons doublets and first quark family is lighter that 
the second component. But for the second and third quark families is the opposite. Then we use this idea to justify 
that first quark family transform as leptons. 



B. Minimal 331 model on scalar sector 



Among the different possibilities of 331 models, we will present a detailed study on a Minimal Model on scalar 
sector without exotic electric charges for quarks and with three news leptons without charged [32j (6 = 1/2), where 
the fermions present the following transformation structure under SU(3)c (8 SU(3)l <8> U(l)x- 

iPl L = (r,i*,JVj)£~(l,3*,-l/3), 
v lR - (1,1,0), 

r R ~ (1,1,-1), 

N?r - (1.1,0), 
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(15) 



Qil = (d,u,Ux)l~(3,F,l/S), 

u lR ~ (3,1,2/3), 

d« ~ (3,1,-1/3), 
tfiH ~ (3,1,2/3), 
Qai = (u , do, -Do)i ~ (3,3,0), 
Z? ai? ~ (3,1,-1/3), 

where i = 1,2,3 , £ = e, fi,T, a = 2,3. We note that the lcptons multiplets t/^l consist of three fields £ = {e,/x, t}, 
the corresponding neutrinos vi = {v e , v^, v T } and new neutral lcptons N® = {N®, N°, N®}. We can also see that the 
multiplct associated with the first quark family Qil consists of quarks down, up and a new quark with the same 
electric charge of quark up (named Ui), while the multiplet associated with second (third) family Q a L consist of SM 
quarks of second (third) family and a new quark with the same electric charge of quark down (named Di (D3)). The 
numbers on parenthesis refer to the transformation prop erties under SU(3)c , SU(3)l and U(l) x respectively. With 
this choice the anomalies cancel in a non-trivial way|40j. and asymptotic freedom is guaranteed j4ll I 



1. Scalar sector and Yukawa couplings 

The scalar fields have to be coupled to fermions by Yukawa terms, invariants under SU(3)l <8> U(l)x- In lepton 
sector, these couplings can be written as: 



and in quarks sector: 



I'll 



(1, 3, 1/3) ® (1, 1, -1) = (1,3,-2/3) , 

p* 

(l,3,l/3)®(l,l,0) = (l 2 M/3), 

n 

(1,3,1/3)® (1,1,0) = (1,3,1/3), 

x 



QiLU iR = (3*, 3, -1/3) 0(3, 1,2/3) = (1,3^1/3) 8 (8,3,1/3) , 

X Colour Higgs 

QiLdiR = (3*, 3, -1/3) ®(3,l,-l/3) = (1,3, -2/3)©..., 

p* 

QilU 1r = (3*, 3, -1/3) ©(3,1,2/3) = (1,3, 1/3)©..., 

x 

QaLu m = (3*, 3*, 0)© (3, 1,2/3) = (1,3*, 2/3)©..., 

i' 

Qa L d lR = (3*, 3*, 0)© (3, 1,-1/3) = (1,3*, -1/3)©..., 

</' 

QaLD aR = (3*, 3*, 0)© (3, 1,-1/3) = (1,3*, -1/3)©..., 



(16) 



(17) 



As usual in these class of models, we impose non-colored Higgs, selecting only the multiplets that transform as singlets 
under SU(3)c- We note that we need only three Higgs multiplets p, \ an d rj: to couple the different fermionic fields 
and generate mass through spontaneous symmetry breaking. In eqs. (|16[) and (|17[) we note that quantum numbers of 
triplets x an d f] are the same, which leads us to consider models with two or three Higgs triplets. We will adopt the first 
option, two Higgs triplets, due to the simpler scalar sector in comparison with the scenario with three triplets [32l. I33T) . 
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C. Model with two Higgs triplets 

For the models with two Higgs triplets, we obtain 1 

*i = (0r,^°,0?) T ~(M*,-i/3), 

$ 2 = 2 +) T ~(l,3*,2/3). (18) 

Assuming the following choice to the Higgs triplets vacuum expectation value (VEV) (HJ (3>i)o = (0, $i,V^) T and 
(^2)0 = (^2,0,0) T we associate V with the mass of the new fermions, which lead us to assume V >> $i,#2- We 
expand the scalar VEV's in the following way: 

0° = y+ g*-^* , 0;° = ^ + ^°^° , 0o =t?a+ g i ^k j (19) 

The real (imaginary) part H < p i (A^ >i ) is usually called CP-even (CP-odd) scalar field. The most general potential can 
be written as: 

V($i,* 2 ) = M?$t$i+/4 $ 2 $ 2 + Ai($l$i) 2 + A 2 (^$ 2 ) 2 

+A 3 ($l$ 2 ) + A 4 f $1*2) ($ 2 $i) ■ (20) 



Demanding that in the displaced potential V($i, $2) the linear terms on the field should be absent, we have, in tree 
level approximation, the following constraints: 

pi + 2Ai (0? + V 2 ) + A 3 tf 2 = 0, 

l4 + A 3 (0? + V 2 ) + 2A 2 i? 2 = 0. (21) 
The analysis of such equations shows that they are related to a minimum in scalar potential with the value: 

V min = -d\\ 2 - (d 2 + V 2 ) [(V 2 + V 2 ) Ai + ^A 3 ] = K(0i,<? 2 , 10- ( 22 ) 

Replacing eq. (fT9|) and (|2T|) in eq. ([20]) we can calculate the mass matrix in (h^, H^, H'^j basis through the 
relation M?- = 2 4^r%j^ s obtaining: 



dH% i dH° :i 

( 2X l V 2 \ S $ 2 V 2Aii?iV' 
M| = 2 A 3 i? 2 F 2A 2 i9l Aatfitfa | ■ (23) 
\2Aii9iF A 3 ^it? 2 2An?f 

Since eq. (|23p has vanishing determinant, we have one Goldstone boson G\ and two massive neutral scalar fields H\ 
and H 2 with masses 2 

M£ i>ff2 = 2Ai (tf 2 + V 2 ) + 2\ 2 d 2 2 

± 2^ [Ai (tf 2 + V 2 ) + A 2 tf 2 ] 2 + d 2 (0? + 1/2) (A 2 _ 4AiAz) ; (24) 

where real values for A's produce positive mass to neutral scalar fields only if Ai > and 4AiA 2 > A§, which implies 
that A 2 > 0. A detailed analysis shows that when V(3>i, $ 2 ) in eq. ([20]) is expanded around the most general vacuum, 
given by eq. (fT9|) and using constrains in eq. (|2"T]) , we don't obtain pseudo-scalar fields A% . . This allows us do identify 



1 Note that in this model we assumed $1 = Xi V c "^2 = P 

2 Note that if A| = 4A1A2 we obtain two Goldstone bosons, G\ and H2, and a massive scalar field Hi with mass 
4 [Ai ($ 2 + V 2 ) + A2I? 2 ,] where AiA 2 > 0, then imposing A/ 2 ^ > leads to Ai > and A 2 > 0. 



6 



three more Goldstone bosons G2 = A$ , G3 = A^ 2 and G4 — A£ . For the mass spectrum in charged scalar sector 
on ((f) 1 , 4>2i 4>2 + ^j basis the mass matrix will be given by: 

M 2 + = 2A 4 drfs 0? #iV , (25) 

with two eigenvalues equal to zero, equivalent to four Goldstone bosons Gf, G^ and two physical charged scalar fields 
with large masses given by A4 (i9 2 + d\ + V 2 ) , which leads to the constrain A4 > 0. 

This analysis shows that, after symmetry breaking, the original twelve degrees of freedom in scalar sector leads to 
eight Goldstone bosons (four electrically neutral and four electrically charged), four physical scalar fields, two neutral 
(one of which being the SM Higgs scalar) and two charged. Eight Goldstone bosons should be absorbed by eight 
gauge fields as we will see in next section. 



1. Gauge Sector with two Higgs triplets 

The gauge bosons interaction with matter in elcctroweak sector appears with the covariant derivative for a matter 
field ip as: 

DZ = ^ - ^W^XaL - igxX v B^ =d^- l -gMV, (26) 

where \ a L, a = 1, 8 are Gell-Mann matrices of SU(3)l algebra, and X v is the charge of abelian factor U(l)x of 
the multiplet cp in which D p acts . The matrix M.^ contain the gauge bosons with electric charges q, defined by the 
generic charge operator in eq. ([5} and eq. (jlip. For 6 = 1/2 the matrix M.^ will have the form: 



Ml 



( + + 2tX v B fi V2W+ V2K+ 

V2W- -Wan + Hfe + ^Bp V2K° (27) 



where t = g x /g and non physical gauge bosons on non-diagonal entries, and K^, are defined in eq. ([8]) and (|9]) 
with Q\ = 1 respectively, and: 

Kl = -L(A^-tA 7 ,), (28) 

K° = -j=(A 6fi +iA 7fl ). (29) 

Then for the 331 model we are considering (b = 1/2) we have two neutral gauge bosons, K® and K^, and four charged 
gauge bosons, Wjf and K^. The three physical neutral eigenstates will be a linear combination of W^, Wg^ and B^. 
After breaking the symmetry with i = 1,2, and using covariant derivative = — ^gMt for the triplets $j 
we obtain the following masses for the charged physical fields: 

Ml, = \ 9 H% M\, = \g 2 {V\ +$1 + V 2 ) , (30) 

and the following physical eigenstates: 

W'J 1 = , 1 MiA't + VWt) , K'± = - 1 (VICt + tfiW^) . (31) 

The neutral sector in approximation w for n > 2 leads to the following masses for the neutral physical fields: 

r 2 

/ dton 



MfS ton — , 



Ml - \g 2 (v 2 + *?) 
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Mi 



2 U 2 



■9x 



(32) 



l(v 2 
\ 9 2 {v 



*?) (3.9 2 
1 *2). 



^ (3.9 2 



18(3 5 2 +.g2) 



We can see from eqs. ([3H|) and (I3"2l that we have one non-massive boson, which we associate with the photon, and 
four massive neutral fields, where the mass of one of them is proportional to $2 while the other three have masses 
proportional to V (new energy scale). Therefore we can associate the field Z with SM Z^, and the fields Z', Kj 
and Kft , with three new neutral bosons. We also have four massive charged fields, where two of them have masses 
proportional to $2- Therefore we can associate the fields Wj^ to the SM fields Wr~ 



while the fields K,^~ arc new 



bosons. The eigenstates -B M , W^, Ws^ and can be related to the physical eigenstates A^, Z®, Z° and by: 







( \ \ 




= M 1 











Assuming (^) ~ for n > 2, we obtain 

/ 

ivr 1 = 



Sw 



V? Sw 





Y 
V 



Cv 



\ l-0 7 



where, again, i = (fc/g and: 



Sw = 

Pi = 

h = 

ft = 

07 = 



V3gx 



Cw = 



1 — S w , T w 



tv 



Sw 

Cw ' 



w 



,92 



4tV 2 



2V 2 



w^w ' 

W ' ^4 

-(3 



_ 4tf,y2 1 W^W ' 

Vz{2C w di + dl) 

—J-wC w , 



4tF 2 



4y/3V 2 C? 



06 



w 



(6C w $l + S w tf 2 ) 
4tV 2 C w 



Tw, 



20f 
V 2 ' 



We note that all /?, are of order ((y-) 2 )- So, assuming $j 
V ~ lOTeV all the #s arc negligible. 



(33) 



(34) 



(35) 



O (10 1 ) TeV, for a new energy scale of order 



2. Charged and Neutral Currents 
The interaction between gauge bosons and fermions in flavor basis is given by the following Lagrangian density: 



C f = Bi-f{d^ + ig x B„X R )R + Li^(d„ + ig x B^X L + l -l\ a W^)L, 



(36) 



where R represents any right-handed singlet and L any left-handed triplet. Wc can write Cf = Ci ep + Cq 1 + Cq^ and 
in lepton sector we obtain: 



C 



1 ep 



r>kin 
'-lep 



nCC 1 nNC 
'"le.p ' '"lep ' 



(37) 
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where 



rkin 
'-'lep 

rCC 
'"lep 

r NC 
'-'lep 



■-^=f L r^LW+ - JLf Ll »N$ L K+ + h.c, 



(38) 
(39) 



9 

2y/3 



(40) 



In quark sector we have that for the first family triplet X = 1/3, and for the singlets d, u, and Ui we have X 
— 1/3, 2/3 and 2/3, respectively. Then we have 

£kin 
n. 



rCC 



rNC 



JL=d- Ll »u L W+ - ^=dIrUi L K+ + h.c, 



(41) 
(42) 



y {d R ^d R - 2u^ n ^u R - 2Uir^Uir) + ^uI^u L W 3fl 



9x 



(d Ll »d L +m^u L + U 1L <fU 1L ) B^ - y -d Ll ^d L W^ - JLu 1L >fu L K l 



<d L ^d L + uZ^u L - 2U 1L ^U 1L ) W Si 



2V3 
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(43) 



For second and third families we know that X — for the triplets and X = 2/3, —1/3 and —1/3 for the singlets 
U23, cfesj B>2 t 3, respectively, where u-i = c, = t, g?2 = s,d^ = b. Then we obtain for a = 2, 3: 



fkin 



cc 



C 



r NC 



= QaRH fl d l j,QaR + QaLH^d/j.QaL, 

= -^=u^E^d aL W+ - -j=u^E^D aL K+ + h.c, 

[-2v^R'J fl UaR + daR^daR + D a R^D a R] B M 



(44) 
(45) 



9x 



^= [u^L^UaL + d aLl »d aL - 4D aL ^D aL ] W 8li - -jj=d aL 'fD aL K° 
I [uILl^UaL - cU^d aL ] W Sli - A=D~L^d aL Kl. 



(46) 



III. NEUTRINOS INTERACTIONS WITH MATTER IN 331 MODEL 



It is well known that neutrino oscillation phenomenon in a material medium, as the sun, earth or in a supernova, 
can be quite different from the oscillation that occurs in vacuum, since the interactions in the medium modify the 
dispersion relations of the particles traveling through it [43[ . From the macroscopic point of view, the modifications of 
neutrino dispersion relations can be represented in terms of a refractive index or an effective potential. And according 
to [ID, [44| , the effective potential can be calculated from the amplitudes of coherent elastic scattering in relativistic 
limit. 

In the present 331 model, the coherent scattering will be induced by neutral currents, NC, mediated by bosons 
Z'®, Z®, and K'£ and by charged currents, CC, mediated by bosons W'^ and K'^. Following Q, we calculate in 
next sections the neutrino effective potentials in coherent scattering. 



A. Charged Currents 

The first term of eq. (f3"9"| shows that the interaction of charged leptons with neutrinos occurs only through the 
gauge bosons Wr , then by eq. (|31[) we obtain that the interaction through charged bosons is given by: 



J-£ Ll »v eL W+ = F Vg Il^vilW* - — gdl iLl^viLK'^. (47) 
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The amplitude for the neutrino elastic scattering with charged leptons in tree level through CC is given by 

/ \ 2 



9#1 \ 



V2y/#l + V 2 



Il($>\)^v il (j>2) 



ZL{pi)l^v tL {p 2 ) 



(P2-Pl) 2 -M 2 K 



(48) 



For low energies M 2 ^,, M\, » {p 2 — Pi) 2 , the effective Lagrangian is given by: 



c: 
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V 2 $ 2 

+ T^r- ) [eUpih^eUpi)] [PiLfah^iLfa)] , 



' eff ~ 2(V 2 + V 2 ) \M^, ' M 2 K , 
where we used Fierz transformation [? ] to go from eq. (|48|l to eq. (|49p. Replacing eq. (f5U|) in cq. (|4"9"| we obtain 



(49) 



1 



V 2 d\ 



V 4 







A'' 



1 
r 1 



(50) 



where we used () K , to denote the term that appears from the new charged boson. We can see that for a new energy 
scale V S> i?i the term that comes from the new boson does not contribute to the process, as expected, since the new 
charged boson has a mass of the order of the new energy scale of the theory (see eq. (|30|) ). 

Now, since usual matter has only leptons from first family, we will restrain our calculations to the neutrino inter- 
actions with first family standard model particles. The term () in cq. (|50|) can be calculated following j44|, where 
we have the correspondence (ej^j^e) ~ spin, (e^e) ~ velocity and (ejoe) ~ n ei where n e is the electronic density. 
Assuming non-polarized medium and vanishing average velocity, we obtain that eq. (|50[) can be written as: 
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eff 
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2VH 2 2 



n e V e LTVeL- 



(51) 



The modifications on electronic neutrino dispersion relations can be represented by the following effective potential: 



V, 



cc 



2d 2 , 
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2V 2 $ 2 " e "\2V 4 
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(52) 



K> 



Disregarding the term ()#•/ since we are assuming V ^> and remembering that in subsection III C II we associated 
boson W' with SM boson W, we can easily associate: 



V2Gi 



2®\ 



2VH 2 ' 



(53) 



We note that eq. (|53|) gives limits for the VEV of one of Higgs triplets. Under assumption #1 ~ d 2 -C V, we can 
write Gf ~ 2 J 2 ^i (l — p^J , from which can see that the maximum value of d\ is achieved when we consider ^ = 0, 
in which replacing <3p = 1.166 37(1) x 10~ 5 Gcv~ 2 leads to 

d 2 < 174.105 GcV . (54) 



B. Neutral Current 



The lagrangian for neutrino elastic-scattering with fermions / = e, u, d through NC is given by: 
rNC _ ti^\^(j j_J \ t (m _\ - % 9n\ -.._r„_\~,x 

'-'int 



= /(Pl)7 M (g J z>L+9l> R ) f(P^)— A/f2 v iL(P3h*9vz>VtL(P4 

+ Kpi)rU L +9i R ).f(p2) 
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(p2 — Pi) 2 — M. 



2 -^lL{Pz)l X g v k'Vi L {P2 



(p 2 - Pl ) 2 -M 2 , 



(55) 



3 Note from eq. (147 I t that only left-handed leptons interact with neutrinos, as in SM. 



For low energies, we have that M|, , M|, M 2 , (pa — Pi) 2 with P3 = p4 = p and eq. (|55[) can be written as: 

+ §j (/(pOt" (sfi, + ffffl) /(Pa)) ^l7m^l 

+ §T (/(Pi)V (gl'L + 9k>n) /(Pa)) vtL-Y^lL- 
Following the same procedure of section IIII Al wc obtain: 

P=L,R \ z' z k' / 



Leptons sector 



From eqs. (|4T))) and ()33p . we obtain that for the known neutral leptons: 
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By eqs. (|58l) . ((59)) and ([60)) wc obtain that vertex interactions with neutrinos can be written as: 

vilI^VilA^ oc , 
VtLl^VlhZ^ oc — — = G uZ ', 
vghl^VihZ^ oc ^gC n } +rj 1 = G uZ , 



Tw + V2 = G V K' , 



where 
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3ff - 2g x t 
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2V3V 2 C W S W 



24V3t 2 V 2 CLS w 



We note from cq. (f6T)) that neutrinos does not interact electrically, as expected. For charged leptons, from eqs. 
and (|33|) we obtain: 
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(68) 



and therefore: 
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(69) 
(70) 
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(74) 



where 



V3 = 
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(gt^l + 2C 2 w ) 2 -l2gt^S 2 w C 2 w 
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V3gx$l T 3 
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and, again, t = g x /g. We note that by eq. we can make the association gSw = |e|. Then for / = e, cqs. (|62p - ([M|) 
and ([70 ]) -([7i p lead to: 
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(75) 



Since intermediate neutral bosons in eq. (|55"T) does not distinguish between different lepton flavors, the interaction 
through NC with electron is described by the following effective potential. 
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where 
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(78) 
(79) 



and index I refers to neutrino flavor. We note that the potential through CC comes from interactions of electron 
neutrinos with left-handed electrons, while the effective potential through NC comes from left and right-handed 
electrons. 

Considering both NC and CC, we can write the effective potential felt by neutrinos as V e = V lL + V lR where 
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Comparing with SM expression for such potential: 
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we can find that 
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(80) 
(81) 

(82) 

(83) 
(84) 



then, the new terms beyond SM [] can be associated with the parameters e's in NSI (45j . So, in the approximation 
(2^-) sa 0, for n > 2 we obtain: 
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(85) 
(86) 



We note that on limit V — > oo we recover SM. The NSI are a sub-leading interaction, as expected. By eq. |85|) and 



eq. 



we obtain: ef? « -25^eff - 



v 2 w- 



2. Quarks sector 



For the quarks of first family, Lagrangian density in eq. (1431 describes the interactions with gauge bosons 
Wsn, W-^and B^, then by eqs. (f3"3")l and (|3~4"|) we obtain the following interactions for quarks up: 
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The couplings quark-quark-boson for the first family are given by: 
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where 
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We note that eqs. (j9"Tj) and (j9"2"j) reflect the fact that quarks interact electrically through photons with coupling constant 
Q f singly, as in SM. The effective lagrangian at low energies for neutrino interaction with quarks up through neutral 
currents are given by eq. 1571 with f = u: 
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(100) 



where rt u is the up-quarks average density. 

SM predictions, using result of ca.f I5"3"|). can be written as: 
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where 
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By comparison, we obtain: 
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again, we obtain universal NSI, as for the electrons. We note that e" f = — ^pb 

V — > oo we recover SM. 

For quarks down by eq. (|43l) and (1551) we obtain that: 
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Then the couplings quark-quark-boson for the first family are given by: 
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where 
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then by eq. (|57|) for / = d we obtain the following effective lagrangian for NC: 
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and the effective potential felt by neutrinos when crossing a medium composed by a density rid of down quarks is 
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Then we can easily see that in SM the NC effective potential for neutrinos in a d-quark medium, using 
will be given by: 
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result of eq. l53l 
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Then from eq. ([T2"3> (TT^Sl) . we obtain: 
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and neglecting terms of order (^) , for n > 2 we obtain that = e|jp + where 
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Then we obtain e d P 
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Note that again in limit V — > 00 we recover the SM. 
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TABLE I: Values for NSI in 331 model and experimental limits 



Modelo331 Exp. 90% C.L. [46J 



£ u ~ sv^c^ u - ii4 \WJ 


-0.07 < ef e < 0.11 
-0.025 < < 0.03 
-0.6 < < 0.4 


eR 9 c-2 eh $1 rpi Q 143 ( ^1 




-1 < £ef < 0.5 
-0.027 < ef,^ < 0.03 
-0.4 < < 0.6 


£ U ~ 2V^ + 24V 2 q^ ( 0.50^ v2 ^ 


-1 < eti < 0.3 
leH^I < 0.003 

krr 1 < 1-4 


0.065 ($) 




-0.4 < eSf < 0.7 
-0.008 < < 0.003 
|e??| < 3 


e " ~ 24v 2 c 4 0.179 f^) 

W \ / 




-0.3 < eH < 0.3 
< 0.003 
< 1-1 


e « ~ 12V 2 C 4 U.U.M 1 
w \ 


) 


-0.6 < eff < 0.5 
-0.008 < e£2 < 0.015 
|4?| < 6 



IV. RESULTS 

In last sections we saw that in 331 model we chosed, all NSI parameters are universal and diagonal, and will not 
affect oscillation experiments. However, measurements of cross-section will be sensitive to such parameters, through 
modifications on gf jUj]. We will now compare our results with those obtained in cross-section measurements. We 
will assume sin 2 9 W = 0.23149(13). 

In tableUwe can see that constrains in e e t f lead to V 2 > 5.3i?§., while the constrains in e^f lead to V 2 > 21.7'ff 2 ,, 
and the constrains in eff (|e^| < 0.003) lead to V 2 > 60$ 2 . If $2 has its maximum value of 174.105 GcV then 
V > 1.3 TeV. We note also that by |e«£| < 0.003 we obtain |#| - $\\ < 0.006V" 2 , then for V ~ 1.3TeV and i? 2 = 174 
GeV we obtain 142GeV< #1 < 201GeV. We therefore can not predict any hierarchy to the VEV's $1 and $2- Based 
on that results, we obtain the following inferior limits for the new Gauge bosons masses: 

M Kl = M z > > 610 GcV, 
M K , > 613 GeV, 
M Kr > 740 GeV. 

V. CONCLUSION 

We presented in this work a procedure to show that models with extended Gauge symmetries SU(3)c x SU(3)l x 
U(l)x can lead to neutrino non-standard interactions, respecting the Standard Model Gauge symmetry SU(3)c X 
SU(2)l x U(1)y, without spoiling the available experimental data and reproducing the known phenomenology at low 
energies. We also have shown that with an assumption about a mass hierarchy for the Higgs triplets VEV's we could 
qualitatively address the mass hierarchy problem in standard model. Finally we obtained limits for the triplets VEV's 
based on limits for NSI in cross-section experiments. 

We believe that the class of model presented here is an interesting theoretical possibility to look for new physics 
beyond SM. We restrained our work to a simple scenario, but flavor-changing interactions can be naturally introduced 
in the model, leading to new constraints on NSI. 
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